Rabbit monoclonal (RM) antibodies appear to have higher affinity for antigens than mouse monoclonal (MM) antibodies. However, RM antibodies have not been used in veterinary diagnostic immunohistochemistry. The authors compared reactivities of RM and MM antibodies on formalin-fixed, paraffin-embedded canine tissues, targeting 11 different antigens: CD3, CD79a, calcitonin, calretinin, chromogranin A, COX-2, estrogen receptor, Ki67, progesterone receptor, synaptophysin, and vimentin. Paraffin-embedded tissue sections were processed by 1 of 2 antigen-retrieval methods: 1) proteinase K digestion or 2) steam heat in citrate buffer. An additional set of slides did not receive antigen retrieval. Immunostaining was performed using an automated stainer, and scores were assigned to the different dilutions and antigen-retrieval methods on the basis of staining intensity and number of positive cells. Steam heat was usually the best antigen-retrieval method. The optimal dilution for each antibody was that which resulted in the highest specific staining and the lowest nonspecific (background) staining. The RM or MM antibodies yielded a specific reaction for all antigens examined except calretinin. The RM and MM antibodies yielded a specific reaction for 4 antigens only: COX-2, Ki67, synaptophysin, and vimentin. Three antigens (CD3, chromogranin A, and progesterone receptor) were detected only with RM antibodies, whereas the other 3 (CD79a, calcitonin, estrogen receptor) were detected only with MM antibodies. The results of this study differed from those reported for human tissues by the manufacturers of the antibodies. These results emphasize that, regardless of manufacturers' recommendations, each antibody must be individually standardized and validated before routine use in canine tissues.
Immunohistochemistry (IHC) is a powerful diagnostic tool to detect antigens in tissue sections. 10 It has proven useful in diagnosis of cancer in human and animal species. 4, 17 Monoclonal antibodies are considered more specific than polyclonal antibodies, 1, 18 and, typically, result in less background staining. Some authors consider rabbit monoclonal (RM) antibodies superior to mouse monoclonal (MM) antibodies in IHC for several reasons. First, RM antibodies seem to have higher affinity for antigens than MM antibodies. 7, 12 Second, it is possible to produce RM antibodies against many antigens that are not immunogenic in mice. 18 Third, antibodies that are produced in rabbits can be used in IHC on rodent tissues with less nonspecific staining. 12 Fourth, the need for antigen-retrieval pretreatments is reduced or eliminated with some RM antibodies. 2, 16 The use of RM antibodies has not been reported in veterinary IHC. The objective of this study was to compare RM and MM antibodies with human antigens for diagnostic IHC in canine tissues.
MM and RM antibodies against 11 different antigens were tested in formalin-fixed, paraffin-embedded canine tissues. The antibodies were anti-CD3 (MM, a RM b ), anti-CD79a (MM, c RM b ), anti-calcitonin (MM, c RM b ), anti-calretinin (MM, c RM b ), anti-chromogranin A (MM, c RM b ), anti-COX-2 (MM, d RM b ), anti-estro-gen receptor-␣ (MM, a RM b ), anti-Ki67 (MM, e RM b ), anti-progesterone receptor (MM, a RM b ), anti-synaptophysin (MM, c RM b ), and anti-vimentin (MM, c RM b ) ( Table 1 ). In addition to these monoclonal antibodies, rabbit polyclonal antibodies were used against calretinin. The criteria for choosing these antigens were: 1) cellular location of the antigen (e.g., plasma membrane, cytoplasm, or nucleus) to see whether antigen location influenced antibody performance, 2) cell origin (e.g., neural, epithelial, mesenchymal), and 3) current diagnostic value in routine veterinary IHC. 6, 9, 11, [13] [14] [15] The following formalin-fixed, paraffin-embedded tissues were obtained from the Purdue University Animal Disease Diagnostic Laboratory archives (antigens of interest are in parentheses): canine lymph node (CD3 and CD79a), thyroid gland (calcitonin), kidney (calretinin), pancreas (chromogranin A and synaptophysin), urinary bladder with transitional cell carcinoma (COX-2), uterus (estrogen receptor-␣ and progesterone receptor), lymph node with lymphosarcoma (Ki67), and skin (vimentin). These tissues are routinely used to detect the antigens, subject of this article, with IHC. Five-micron-thick sections were mounted on positive-charged slides and dried overnight at 60 C. Before immunostaining, slides were routinely deparaffinized and rehydrated. Two different antigen-retrieval pretreatments were used for each antibody: digestion with proteinase K c (diluted in 0.05 mol/liter ␣, 0.015 mol/liter sodium azide, pH 7.5) for 5 minutes at room temperature and heat-induced epitope retrieval (HIER) with DakoCytomation c Target Retrieval Solution S1699 (citrate buffer, pH 6.0), c at 95 C for 20 minutes. 10, 14 Heat-induced epitope retrieval was performed in a commercially available household steamer.
In cases in which none of these pretreatments yielded an adequate reaction, additional antigen-retrieval methods were used: HIER with DakoCytomation c Target Retrieval Solution High pH S3307 (pH 9.9) at 95 C for 40 minutes and HIER with DakoCytomation c Target Retrieval Solution S2367 (Tris/ethylenediaminetetraacetic acid [EDTA] buffer, pH 9.0) c at 95 C for 20 and 40 minutes ( Table 2 ). Another set of slides was not treated with any of the above-mentioned antigen-retrieval methods.
The following four 2-fold antibody dilutions were used for each antibody. The following dilutions were based on the manufacturers' recommendations and authors' experience: anti-CD3, 1:20-1:160; anti-CD79a, 1:25-1:200; anti-calcitonin, 1:25-1:200; anti-calretinin, 1:25-1:200; anti-chromogranin A, 1:50-1:400; anti-COX-2, 1:50-1:400; anti-estrogen receptor-␣, 1: 25-1:200; anti-Ki67, 1:50-1:400; anti-progesterone receptor, 1:20-1:160, anti-synaptophysin, 1:40-1:320; anti-vimentin, 1:50-1:400. After the initial titration, further dilutions were made if necessary. Negative reagent controls consisting of slides from the same par- 
* Values correspond to the optimal dilution for each antibody. † MM ϭ mouse monoclonal. ‡ 0, negative. § ND ϭ not done. RM ϭ rabbit monoclonal. ¶ 1-4, positive reaction (1 lowest and 4 highest). # Background, nonspecific staining did not allow evaluation of samples. affin blocks used for each antibody but incubated with mouse (DakoCytomation universal negative controlmouse, N1698) c or rabbit (DakoCytomation universal negative control-rabbit, N1699) c immunoglobulins instead of the primary antibody were used for each antigen-retrieval group. Primary antibody incubation time and detection system were selected for each antibody on the basis of manufacturers' recommendations and authors' experience ( Table 1 ). The same detection system was used for each antigen. The different detection systems used were labeled streptavidin-biotin (LSAB)-2, c LSABϩ, c and EnVisionϩ. c,5,14 Immunostaining was performed using an automated stainer. c Counterstaining was done with Mayer hematoxylin. c Immunohistochemical reaction was graded on a scale of 0 (negative) to 4 (highest intensity) for each antibody dilution and antigen-retrieval method on the basis of staining intensity and number of positive cells. The grading was performed blindly, without previous knowledge of the dilution. A specific reaction was one that was present in the expected cell type(s) and the expected location within the cell (e.g., cytoplasm, nucleus) and was not detected in extraneous sites or in the negative control. Optimal dilutions and antigen-retrieval method were assigned to each antibody pair. The optimal dilution was that providing the highest specific staining and the least nonspecific (background) staining. After optimization of IHC protocol, samples from 4 additional dogs were used for each antibody to determine consistency of the results. These tissues were lymphosarcoma for CD3, CD79a, and Ki67; neurofibrosarcoma for vimentin; kidney for calretinin; thyroid gland for calcitonin; uterus for estrogen receptor-␣ and progesterone receptor; pancreas/endocrine tumors for synaptophysin and chromogranin A; and transitional cell carcinoma for COX-2. All tissues had been fixed for 1-3 days in formalin and processed routinely into paraffin blocks.
Ten of the 11 antigens targeted were detected with either MM or RM antibodies (Table 3) ; neither MM nor RM antibodies detected calretinin. The IHC reaction with RM antibodies was superior to that with MM antibodies for 6 antigens: CD3, chromogranin A, COX-2, progesterone receptor-␣, synaptophysin, and vimentin. For 3 antigens (CD79a, calcitonin, and estrogen receptor-␣), MM antibodies were superior to RM antibodies. Only 4 antigens (COX-2, Ki67, synaptophysin, and vimentin) were detected by both MM and RM antibodies.
The MM and RM antibodies had similar reactivity for Ki67. Three antigens (CD79a, calcitonin, and estrogen receptor-␣) reacted only with MM antibodies, whereas 3 antigens (CD3, chromogranin A, and progesterone receptor) reacted only with RM antibodies. In general, HIER in citrate buffer, pH 6.0, at 95 C for 20 minutes provided the best immunoreaction; however, this was not the case for RM antibody to vimentin, for which digestion with proteinase K yielded better results. Rabbit monoclonal antibodies to synaptophysin yielded similar results with or without antigen retrieval. Background was greater with HIER when incubated in each buffer for 40 minutes. In the case of MM anti-CD79a, HIER in EDTA did not improve immunoreactivity. Heat-induced epitope retrieval with EDTA for 20 minutes provided a somewhat weaker reaction than HIER in citrate buffer for 20 or 40 minutes for anti-progesterone receptor RM antibody. Immunoreactivity with no antigen retrieval was observed with 4 antibodies: MM and RM anti-COX-2, RM anti-synaptophysin, and RM anti-vimentin. Specific reaction after proteinase K digestion was observed with 5 antibodies: MM and RM anti-COX-2, RM anti-synaptophysin, and MM and RM anti-vimentin. Prozone effect, defined as low or undetectable reactivity at high antibody concentrations due to steric hindrance, 8, 19 was observed for some antibodies but disappeared as the antibody was diluted. These antibodies were MM anti-COX-2 with no antigen retrieval, MM and RM anti-Ki67 with steam heat, and RM anti-synaptophysin and anti-vimentin with no antigen retrieval.
The authors report the use of RM antibodies in diagnostic veterinary IHC. The results of this study differed from those reported by antibody manufacturers. This was not unexpected because antibody manufacturers did not include canine tissues in their evaluations for most of the antibodies used. Although RM antibodies have been deemed to be superior to MM antibodies in human tissues, this does not appear to be the case for canine tissues. These differences may reflect variance in animal species, protocols for tissue fixation, antigen-retrieval methods or the epitope recognized by a given antibody. Interspecies differences affect cross-reactivity of monoclonal antibodies. A monoclonal antibody recognizes a specific epitope of an antigen, 1, 18 and the epitope may vary among species. Amino acid sequence of targeted epitopes was not available for most of the antibodies examined. When provided, the epitopes recognized by MM were different from those recognized by RM antibodies. Fixation protocols play a pivotal role in the success of the immunohistochemical procedure. This may be a key factor to explain differences in immunoreactivity between MM and RM antibodies, particularly if different epitopes from the same antigen molecule are targeted. In this study, none of the 2 antibody types (MM or RM) appeared to be significantly better than the other in staining canine tissues. Similarly, there was no relationship between location of the antigen (e.g., cytoplasm, membrane, or nuclei) and reactivity of the antibody (MM or RM). One advantage of using RM antibodies is the possibility of omitting antigen retrieval. 3 In only 1 case (synaptophysin) was antigen retrieval unnecessary in this study. The polyclonal antibody and the MM antibody (as per manufacturers' instructions) used in this study both needed antigen retrieval. Although the same RM antibodies were used as in other reports, the MM antibodies used were different from those used by others 3, 16 ; this might account for some of the discrepancies found.
In summary, RM antibodies appear to be valuable for the immunohistochemical detection of some antigens in formalin-fixed, paraffin-embedded canine tissues. However, despite manufacturers' recommendations, each laboratory should perform assays and validation for each antibody in another species. Different antigen-retrieval methods and dilutions should be used and from there determine what specific combination of antibody dilution and antigen-retrieval method provides the best specific staining while providing the lowest background staining. The RM antibodies were superior for some antigens and merits further evaluation for diagnostic IHC. marily in cattle, sheep, and goats and is caused by Mycobacterium avium subsp. paratuberculosis (M. paratuberculosis). Clinical expression of the disease in goats is weight loss and, at times, diarrhea and hypoproteinemia. The infection has a prolonged incubation period and thus many infected animals in a typical herd are in a preclinical stage of the disease. At the clinical stage of infection, the ileum may be markedly
